Purpose: To evaluate the effectiveness of peracetic acid in the microbiological sterilisation of dental materials. Methods: Peracetic acid solution was evaluated at concentrations of 800, 1500 and 2500 ppm. At these concentrations, it was determined whether peracetic acid caused corrosion to dental instruments and induced cellular mutagenicity and cytotoxicidity. In addition, the minimum inhibitory concentration (MIC), the minimum bactericidal concentration (MBC), agar diffusion and diffusion by well method, were also veriÞ ed. Results: The corrosion rate, calculated from potentiodynamic assays was 10 -6 cm/year, indicating that the product does not damage equipment. The sterilisation capacity of peracetic acid at 2500 ppm was the best. The comet assay indicated genotoxic activity at 2500 ppm. Conclusions: This study demonstrated the effectiveness of peracetic acid for sterilizing dental equipment, providing another alternative for the prevention of infections in clinics.
The dental work environment is a place of high contamination risk due to the type of work that is performed and the materials used. [1] In dental clinics, the greatest variety and concentration of microorganisms is found in the patient's mouth. Given this reality, matters related to the control of infections and biosafety regulations have taken on a new focus. Procedures such as how to pick up materials from drawers, something previously considered harmless, should be reviewed and corrected. [2] Among the many causes of disease, are those of an infectious nature, [3] characterised by an inß ammatory response against the presence of microorganisms or their tissue invasion. [4] Sterilisation process includes the elimination of all viable organisms, including spores. However, it should be highlighted that certain instruments cannot be sterilised by heat, one of the most commonly employed methods in dentistry. In these cases, sterilisation using chemical agents is required for materials like the gutta-percha cones used in root canal Þ llings, rubber sheets for absolute isolation and intra-oral positioners for X-rays, among others.
Infections that can occur in dental clinics are similar to hospital infections, which are currently well-studied, since they represent serious risks to the patients undergoing treatment. Therefore, the surgeon dentist must control dental clinic infections rigorously, so that their own lives and the lives of their patients, their assistants and their relatives are not at risk. [5] It is of fundamental importance that the procedures established by the biosafety regulations are strictly followed and that cleaning and sanitisation of the location, as well as the equipment and work surfaces, comply with legal requirements. [6] A chemical agent which has been studied and used for the chemical sterilisation of materials and equipment is peracetic acid, due to its quick action at low concentrations. [7] [8] [9] Evaluation of the effectiveness of chemical sterilisation using peracetic acid on contaminated dental equipment constitutes the scope of the present work.
Materials and Methods
The formulation containing peracetic acid was supplied by FGM Produtos Odontológicos Ltda which is developing the product (Joinville/SC, Brazil). Solutions at concentrations of 800, 1500 and 2500 ppm were prepared by the dissolution of a powder formulation which generated peracetic acid under vigorous agitation in Þ xed volumes of distilled water. A neutralizing agent was added. 
Agar diffusion test
Agar diffusion test (ADT) used the well method, which is a modiÞ cation of the Bauer-Kirby [10] assay. The microorganisms were inoculated on petri dishes with plate count agar medium at a concentration of 0.5 on the McFarland scale. Later, two wells were made in the agar and 40 μl of peracetic acid solution was added to each well at the concentrations studied. The dish was incubated at 35°C for 24 h. After this period, the diameter of the inhibition zone was measured in millimeters.
Minimum inhibitory concentration assay
For the minimum inhibitory concentration (MIC) analysis, 10 tubes containing 10 ml of BHI were used. [11] Three fold dilutions were made with 5.77 ml in the initial tube. Tube 10 contained no active ingredient and served as a growth control. After microorganism inoculation, the tubes were incubated at 35°C for 24 h. At the end of this period, the presence or absence of turbidity was evaluated. The lowest concentration that did not show growth was the minimum inhibitory concentration.
Minimum bactericidal concentration assay
To determine the minimum bactericidal concentration (MBC), the tube indicating MIC and all higher concentration beyond that were inoculated on Petri dishes after 24 h; one dish corresponding to each tube. The dishes were incubated for 24 h at 35°C. The minimum concentration showing no growth corresponded to the minimum bactericidal concentration. [11] Electrochemical measurements Accelerated assays of electrochemical corrosion [12] on stainless steel samples from dental instruments were done with the aid of a Potentiostat-Galvanostat model 283 (EGG & Par). The measurements were taken on a typical cell containing three electrodes: a stainless steel electrode with a geometric area of 0.198 cm 2 ; an SCE as a reference electrode; a platinum dish served as an auxiliary electrode. KNO 3 0.1 mol/dm 3 was used as a support electrolyte, to which sufÞ cient peracetic acid was added at concentrations of 800, 1500 and 2500 ppm, respectively. The potentiodynamic proÞ les were registered at 1.O mV/s, beginning at −0.5 V vs OC (open circuit) up to a Þ nal potential of 1.6 V.
Genotoxicity study In vitro comet assay
Peripheral whole blood samples were collected from eight nonsmoking individuals and placed in closed boxes with ice in order to avoid damage. To evaluate genotoxic effects, the blood samples (100 M) were incubated at 37°C for 1.5 h in the presence of peracetic acid at concentrations of 800, 1500 and 2500 ppm, together with positive (hydrogen peroxide) and negative controls (phosphate buffer saline, PBS).
Comet preparation and analysis were carried out according to the procedures described by Malluf and Erdtmann, [13] with modiÞ cations. The slides were prepared by mixing 5 μl from each cell incubation with 95 μl of low melting point agarose (0.5%) and placing the mixture onto a fully-frosted slide. The coverslip was then gently removed and the slides were lowered into cold, freshly made lysing solution (2.5 M NaCl, 100 mM EDTA, 10 mM Tris, 1% Na Sarcosinate, to which 1% Triton X-100 and 10% DMSO was added). After at least 2 h at 4°C, the slides were gently removed from the lysing solution and immersed on electrophoresis buffer (300 mM NaOH, 1 mM EDTA, pH 13) until the liquid completely covered the slides, where they were left for 30 min. Electrophoresis was carried out for 15 min at 25 V (0.90 V/cm). After electrophoresis, the slides were treated three times with neutralising buffer (0.4 M) Tris, pH 7.5) and stained with silver nitrate (AgNO 3 ). One hundred cells per subject were analysed under a microscope (Nikon Ellipse E 200) with 100 times magniÞ cation for DNA damage evaluation. The cells were assessed visually and received scores from 0 (undamaged) to 4 (maximally damaged) according to tail intensity (size and shape). Thus, the total scores were from 0 (all undamaged) to 400 (all maximally damaged). Frequency of damage was also evaluated in order to determine the number of damaged cells within the 100 cell Þ eld.
Cytotoxicity study Mitochondrial cytotoxicidity assay with tetrazolium-MTT salt
In a ß at bottomed 96 well plate, 1 × 10 6 macrophages were added; the dish was centrifuged for 10 min at 1500 rpm and the medium was removed. [14] After this procedure, 100 μl of RPMI medium was added to each well, followed by 100 μl of peracetic acid at the concentrations studied. To each well 10 μl of 10% MTT was added and very carefully mixed. The samples were incubated for 3 h at 37°C in a CO 2 environment, until the precipitation of the cells, which was characterised by opacity at the bottom of the well. These were centrifuged for 10 min at 1.500 rpm and the supernatant was removed. Next, the same volume of isopropyl alcohol was added and all the wells were agitated vigorously. After that, the samples were centrifuged for 5 min at 2000 rpm; the supernatant was removed and transferred to another plate where the reading took place. The reading was done at 540 nm in an ELISA automatic plate reader.
Field test
Contaminated materials from two dental clinics were evaluated, one private and the other public, in order to verify the effectiveness of sterilisation by peracetic acid.
Solutions of peracetic acid at 2500 ppm were prepared and used soon after; prior to the Þ rst sterilisation of the day, with collections done after the Þ rst, third and sixth patient, regardless of the clinical procedure performed. Four sterile test tubes were used for collection, three containing 5 ml of saline solution and one containing 5 ml of BHI. After the dental procedure, the material used was washed in a conventional manner with soap and water and dried with towels. Later, the material was rubbed for thirty seconds with a sterile swab. Next, the swab was immersed in the medium (saline or BHI), sealed and, after the sixth patient, the test tubes with BHI were incubated at 35°C for 24 h. with the aid of a Drigalski loop. The objective of this test was to prove contamination on the material used in dental procedures. Next, the material was completely submerged in a solution of peracetic acid at a concentration of 2500 ppm for 20 minutes; after this period, the material was removed from the solution with sterile tweezers and dried with sterile gauze. The procedure for the collection and laboratory preparation of the samples was similar to those previously described for sterilization. After 24 hours, colony counting was done on the plates.
Results

Agar diffusion test
The inhibition zones increased for all the microorganisms in the agar diffusion test, proportionately with the increase in antimicrobial agent concentration.
Observation revealed that for Pseudomonas aeruginosa, the mean inhibition zone was the smallest among all the microorganisms studied, even at a concentration of 2500 ppm. In contrast, Staphylococcus aureus presented the greatest inhibition zone.
Peracetic acid presented bactericidal action for all the microorganisms studied and was most effective at a concentration of 2500 ppm (Fig. 1) . The data analysed presented statistical signiÞ cance between concentrations at a 0.05% level of signiÞ cance (ANOVA).
The results presented in the MBC tests indicate that, when Pseudomonas aeruginosa and Salmonella choleraesuis were inoculated at concentrations of 800 ppm and 1500 ppm, they still developed colonies.
Corrosion assays
Peracetic acid in nature presents corrosive characteristics. The electrochemical measurements show that the corrosion rate (in cm/year) to stainless steel instruments was 21.58 × 10 at concentrations of 800, 1500 and 2500 ppm, respectively. Figure 2 presents the index of DNA damage caused by peracetic acid at various concentrations, when incubated with total peripheral blood of six individuals, in culture for 90 min, as determined by the Comet assay.
Comet assay
At the concentrations of 800, 1500 and 2500 ppm the index of DNA damage observed was 50.50 ± 16.13, 50 ± 17.41 and 65.25 ± 14.27, respectively. For the treatment with PBS (negative control) and for treatment with 150 μM with H 2 O 2 (positive control) the observed index was 41.75 ± 12.42 and 77.33 ± 7.51.
A statistical difference occurred at a concentration of 2500 ppm (P < 0.05), considering a negative control containing PBS pH 7.0 as a reference for comparison.
It should be noted that the index of DNA damage was determined by calculating the sum of damage level classiÞ cation of 0, 1, 2, 3 or 4 multiplied by the number of cells with the damage, among 100 cells scored. The score varied from 0; where 0 was scored when all the cells observed presented no DNA damage, while 400 was scored when all the cells observed in the comet assay were damaged. Table 1 presents the number of viable cells after exposure to peracetic acid at different concentrations and the count obtained by the ELISA automatic reader. Absorbance of the positive control was 0.589.
Cytotoxicity test
As observed in the T-test analysis, the values obtained were t = −1.63734 and P = 0.15267, with a 0.5% signiÞ cance level. Comparison between the concentrations of 800 ppm and 1500 ppm presented no signiÞ cant difference. T-test analysis between the concentrations of 1500 ppm and 2500 ppm presented t = −2.08364 and P = 0.08232. For a 0.5% level of signiÞ cance, the results did not constitute a signiÞ cant difference. One-way ANOVA analysis presented values of f = 5.80421 and P = 0.02404. For a 0.5% level of signiÞ cance, the results showed a signiÞ cant difference. The veriÞ cation tests regarding the effectiveness of peracetic acid sterilisation were realised at a concentration of 2500 ppm, because at this concentration, the results in the laboratory were shown to be more efÞ cient. Table 2 shows the number of colonies of the 72 samples collected in saline solution, before and after sterilisation with peracetic acid at a concentration of 2500 ppm. Observation revealed that the used materials showed contamination after a dental consultation and that 
Stage developed at dental clinics
Discussion
The differences observed between Staphylococcus aureus and Pseudomonas aeruginosa in the agar diffusion test could be due to the physiological differences between these microorganisms. Staphylococcus aureus is a gram positive bacterium, while Pseudomonas aeruginosa is a gram negative bacterium, which has an additional layer of protein in its cellular membrane, hindering the action of peracetic acid and making the microorganism less susceptible to acidic action.
The results from MBC in this study are in agreement with the results observed in the MIC tests, which leads to the conclusion that lower concentrations (800 and 1500 ppm) enabled the growth of some of the microorganisms studied. Given these results, the concentration of 2500 ppm was chosen as the most suitable for Þ eld tests in the dental clinics.
One of the important aspects that should be taken into account when using chemical sterilisation is the corrosive degradation of equipment. The corrosion rates in all ranges of concentration are very low in comparison with other active metals in acid media. Similar values are found for copper electrodes under identical conditions. Moreover, the results conÞ rmed that the corrosion rate decreased for both electrodes with diminishing peracetic acid concentrations.
These results suggest that peracetic acid solution at 2500 ppm is safe for use in aseptic procedures involving dental instruments, while causing minimal corrosive damage.
Peracetic acid in direct contact with the cells can cause damage to DNA. At a lower concentration (800 ppm) its effect was smaller than at a concentration of 2500 ppm. This indicated that possible acid residues, which could come into contact with tissue after the material was rinsed, are probably diluted, thus reducing the DNA damage effect considerably; however, in the experiment, the solutions came into direct contact with exposed cellular DNA.
Comparison between the concentrations of 800 ppm and 1500 ppm presented no signiÞ cant difference. T-test analysis between the concentrations of 1500 ppm and 2500 ppm presented t = −2.08364 and P = 0.08232. For a 0.5% level of signiÞ cance, the results did not constitute a signiÞ cant difference.
One-way ANOVA analysis presented values of f = 5.80421 and P = 0.02404. For a 0.5% level of signiÞ cance, the results showed a signiÞ cant difference. The veriÞ cation tests regarding the effectiveness of peracetic acid sterilisation were realised at a concentration of 2500 ppm, because at this concentration, the results in the laboratory stage were shown to be more efÞ cient.
In the dental clinic, the data obtained in this study show the effectiveness of peracetic acid sterilisation at a concentration of 2500 ppm on the samples collected, with veriÞ cation of the total absence of bacterial growth after sterilisation of the material.
The results of the bactericidal analysis on samples from the private dental clinic were similar to those from the public clinic, proving the effectiveness of peracetic acid sterilisation and showing that complete sterilisation was achieved.
Peracetic acid solutions at 2500 ppm in contact with surfaces for 20 minutes were shown to be effective at sterilising dental instruments for several types of microorganisms, without causing damage to the same. It should be noted that the sterilisation period was shorter than that in the autoclave process or than other sterilising solution such as glutaraldehyde. The product was shown to be cytotoxic at concentrations of 1500 ppm and 2500 ppm. However, the product is unlikely to have contact with patient tissue. We believe that the peracetic acid can be used in chemical sterilisation of dental instruments employing concentration of 2500 ppm, without corrosive damage.
